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RESUMEN
/RVFDPELRVFOLPiWLFRVREVHUYDGRV\SUR\HFWDGRVWLHQHQLPSOLFDFLRQHVVRFLRHFRQyPLFDVLPSRUWDQWHVSDUD
ODVLVODVGHO&DULEH(OREMHWLYRGHHVWHDUWtFXORHVSUHVHQWDULQIRUPDFLyQHVHQFLDOVREUHHOFDPELRFOLPi-
WLFR²EDVDGDHQHVWXGLRVSUHYLRVREVHUYDFLRQHVGLVSRQLEOHV\VLPXODFLRQHVGHPRGHORVFOLPiWLFRV²D
HVFDODVHVSDFLDOHVUHOHYDQWHVSDUDODVLVODVFDULEHxDV6HXWLOL]DQGDWRVGHOPRGHORJHQHUDOGHFLUFXODFLyQ
*&0LQFOXLGRVHQHO3UR\HFWRGH&RPSDUDFLyQGH0RGHORV$FRSODGRVIDVH&0,3DVtFRPRGHO
PRGHORFOLPiWLFRUHJLRQDO5&0GHO&HQWUR+DGOH\GHO5HLQR8QLGRSDUDDSRUWDUWDQWRLQIRUPDFLyQ
DFWXDOFRPRLQIRUPDFLyQEDVDGDHQSUR\HFFLRQHVVREUHSUHFLSLWDFLRQHV\WHPSHUDWXUDHQHVWDGRVLQVXODUHV
HVSHFt¿FRV6HXWLOL]DQREVHUYDFLRQHVUHWLFXODGDVGHHVWDFLRQHV\GDWRVVDWHOLWDOHVSDUDHVWXGLDUHOFOLPD
GHOVLJOR;;\HYDOXDUHOGHVHPSHxRGHORVPRGHORVFOLPiWLFRV&RQXQHQIRTXHFHQWUDGRHQODSUHFLSL-
WDFLyQWDPELpQVHDQDOL]DQIDFWRUHVFRPRODWHPSHUDWXUDVXSHU¿FLDOGHOPDUODSUHVLyQDOQLYHOGHOPDU
\ORVYLHQWRVTXHLQÀX\HQHQODVYDULDFLRQHVHVWDFLRQDOHVGHODSUHFLSLWDFLyQ/DPHGLDGHOHQVDPEOHGHO
&0,3\HO5&0FDSWDQVDWLVIDFWRULDPHQWHODVSHFXOLDULGDGHVGHODFLUFXODFLyQDWPRVIpULFDGHJUDQHVFDOD
HQODUHJLyQSHURQRDVtHOFLFORHVWDFLRQDOELPRGDOFDUDFWHUtVWLFRGHODSUHFLSLWDFLyQ/DDULGH]HQpSRFDV
GHOOXYLDVSUHYLVWDHQHVFHQDULRVGHFDPELRFOLPiWLFRHQODUHJLyQVHKDDERUGDGRHQHVWXGLRVSUHYLRV
SHURODPDJQLWXGGHODYDULDFLyQHVPX\LQFLHUWDHQODVVLPXODFLRQHVWDQWRGHO*&0FRPRGHO5&0/D
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GLVPLQXFLyQSUR\HFWDGDHVPD\RUDOLQLFLRGHODWHPSRUDGDGHOOXYLDV\VXSULPHODVHTXtDGHOPHGLRYH-
UDQRHQHO&DULEHRFFLGHQWDO/DVVLPXODFLRQHVGHO5&0PXHVWUDQDYDQFHVUHVSHFWRGHO*&0VREUHWRGR
SRUVXVPHMRUHVUHSUHVHQWDFLRQHVGHODH[WHQVLyQWHUULWRULDOSHURVXGHVHPSHxRGHSHQGHHQJUDQPHGLGD
GHODFRQGXFFLyQGHO*&0(OSUHVHQWHHVWXGLRGHVWDFDODQHFHVLGDGGHFRQWDUFRQREVHUYDFLRQHVGHDOWD
UHVROXFLyQ\FRPSDUDUVLPXODFLRQHVGHPRGHORVFOLPiWLFRVSDUDHQWHQGHUDIRQGRHOFDPELRFOLPiWLFR\
VXLPSDFWRHQODVSHTXHxDVLVODVGHO&DULEH
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VHDVXUIDFHWHPSHUDWXUHVHDOHYHOSUHVVXUHDQGZLQGVWKDWDIIHFWVHDVRQDOYDULDWLRQVLQSUHFLSLWDWLRQ7KH
&0,3HQVHPEOHPHDQDQGWKH5&0VXFFHVVIXOO\FDSWXUHWKHODUJHVFDOHDWPRVSKHULFFLUFXODWLRQIHDWXUHV
LQWKHUHJLRQEXWVKRZGLI¿FXOW\LQFDSWXULQJWKHFKDUDFWHULVWLFELPRGDOVHDVRQDOF\FOHRISUHFLSLWDWLRQ
)XWXUHGU\LQJGXULQJWKHZHWVHDVRQLQWKLVUHJLRQXQGHUFOLPDWHFKDQJHVFHQDULRVKDVEHHQQRWHGLQSUH-
YLRXVVWXGLHVEXWWKHPDJQLWXGHRIFKDQJHLVKLJKO\XQFHUWDLQLQERWK*&0DQG5&0VLPXODWLRQV7KH
SURMHFWHGGHFUHDVHLVPRUHSURPLQHQWLQWKHHDUO\ZHWVHDVRQHUDVLQJWKHPLGVXPPHUGURXJKWIHDWXUHLQ
WKHZHVWHUQ&DULEEHDQ7KH5&0VLPXODWLRQVVKRZLPSURYHPHQWVRYHUWKH*&0PDLQO\GXHWREHWWHU
UHSUHVHQWDWLRQRIODQGPDVVEXWLWVSHUIRUPDQFHLVFULWLFDOO\GHSHQGHQWRQWKHGULYLQJ*&07KLVVWXG\
KLJKOLJKWVWKHQHHGIRUKLJKUHVROXWLRQREVHUYDWLRQVDQGHQVHPEOHRIFOLPDWHPRGHOVLPXODWLRQVWRIXOO\
XQGHUVWDQGFOLPDWHFKDQJHDQGLWVLPSDFWVRQVPDOOLVODQGVLQWKH&DULEEHDQ
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1. Introduction
7KHLVODQGVRIWKH&DULEEHDQVKDUHDFRPPRQVHWRIIHDWXUHVWKDWLQFOXGHVPDOOVL]HVWHHSLQODQG
WRSRJUDSK\ UHVWULFWLQJ WKH ODQG VSDFH DYDLODEOH IRUGHYHORSPHQW DQG DKHDY\ VRFLRHFRQRPLF
GHSHQGHQFHRQWKHFRDVWOLQHDQGOLPLWHGUHVRXUFHV7KHVHIHDWXUHVHQKDQFHVHQVLWLYLW\WRFOLPDWH
YDULDELOLW\VRWKDWH[WUHPHHYHQWVVXFKDVGURXJKWVÀRRGVDQGKXUULFDQHVSRVHDYHU\UHDOWKUHDW
WRUHJLRQDOGHYHORSPHQW7KHWKUHDWLVOLNHO\WREHH[DFHUEDWHGXQGHUFOLPDWHFKDQJH
)RUH[DPSOH WRXULVPZKLFK LVD VLJQL¿FDQWFRQWULEXWRU WR UHJLRQDO*'3 LVDWKLJKFOLPDWH
LQGXFHGULVNIURPÀRRGLQJVHDOHYHOULVHFRDVWDOHURVLRQDQGVWRUPVXUJHVPDLQO\GXHWRLWVFRDVWDO
LQIUDVWUXFWXUH3XOZDUW\et al.,QGDPDJHVWRJXHVWURRPVLQ*UHQDGDIURPKXUULFDQHV
ZDVHTXLYDOHQWWRRI*'32(&66LPLODUO\WKHDJULFXOWXUDOVHFWRUZKLFKFRQWULEXWHV
RI&DULEEHDQ*'3LVDOVRVHQVLWLYHWRFOLPDWHYDULDWLRQV'DPDJHWRWKHQXWPHJDQGFRFRD
LQGXVWULHVGXHWRKXUULFDQH,YDQLQUHVXOWHGLQORVVHTXLYDOHQWWRRI*UHQDGD¶V*'30LPXUD
et al.8QGHUIXWXUHFOLPDWHFKDQJHRI&DULFRPWRXULVWUHVRUWVFRXOGEHORVWXQGHUD
PULVHLQVHDOHYHO0RRUH6LPSVRQet al.ZKLOHSURMHFWHGFKDQJHVLQWHPSHUDWXUH
DQGUDLQIDOOZLOOOLNHO\LQFUHDVHFURSSHVWVDQGGLVHDVHVDQGWKHRFFXUUHQFHRIH[WUHPHZDWHUVWUHVV
(Nelson et al.3XOZDUW\et al.6LPSVRQet al.&DVKPDQet al.3DVWDQGIXWXUH
FOLPDWHLPSDFWVRQRWKHUNH\DUHDVRI&DULEEHDQH[LVWHQFHIRUH[DPSOHELRGLYHUVLW\DQGPDULQHDQG
FRDVWDOHFRV\VWHPVe.g., Fish et al.'RQQHUet al.+RHJK*XOGEHUJet al.&KHQ
285Caribbean climate change
et al.DQGRQKHDOWKDQGZHOOEHLQJe.g., Amarakoon et al.&KHQet al.(ELet al., 
7D\ORUet al.KDYHDOVREHHQVWXGLHGDQGVKRZQWREHVLJQL¿FDQW
,WLVWKHQWKHLQFUHDVLQJUHFRJQLWLRQWKDWFKDQJHVLQWKHFOLPDWHRIWKH&DULEEHDQKDYHVHULRXV
VRFLRHFRQRPLFLPSOLFDWLRQVIRUWKHUHJLRQWKDWKDVUHVXOWHGLQDQXPEHURIUHFHQWVWXGLHVIRFXVLQJ
RQSURYLGLQJORFDOJRYHUQPHQWVZLWKFOLPDWHFKDQJHSURMHFWLRQVIRUDGDSWDWLRQDQGPLWLJDWLRQ
SXUSRVHV0DQ\RIWKHVHVWXGLHVXVHFRDUVHUHVROXWLRQJHQHUDOFLUFXODWLRQPRGHOV*&0VLQFOXGHG
LQWKHIRXUWKDVVHVVPHQWUHSRUW$5RIWKH,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH&KDQJH,3&&
WRGHVFULEHODUJHVFDOHFOLPDWLFFKDQJHVLQWKHUHJLRQe.g., Ángeles et al.&RPDUD]DP\DQG
*RQ]iOH]%LDVXWWLet al.0RUHUHFHQWO\DKDQGIXORIVWXGLHVKDYHXVHGKLJKUHVROXWLRQ
UHJLRQDOFOLPDWHPRGHOV5&0VIRUVWXG\LQJFOLPDWHFKDQJHDQGLWVLPSDFWDWVSDWLDOVFDOHVUHOHYDQW
for the islands (e.g., Castro et al.&HQWHOODet al.&DPSEHOOet al.&KDUOHU\DQG
1XUVH,QWKLVVWXG\ZHUHYLHZZKDWLVQRZNQRZQDERXWKRZWKHFOLPDWHRIWKH&DULEEHDQ
KDVDQGZLOOFKDQJHXQGHUJOREDOZDUPLQJDVFDQEHJOHDQHGIURPERWKDYDLODEOHGDWDDQGIURP
H[LVWLQJOLWHUDWXUH:HGRWKLVIRULVODQGQDWLRQVLQWKH&DULEEHDQWKDWZHUHVWXGLHGDVDSDUWRI
WKH&DULEVDYHKWWSFDULEVDYHRUJ&OLPDWH&KDQJH5LVN$WODV&&&5$SURMHFW
,QWKLVVWXG\ZHXVHDVXEVHWRIDYDLODEOHPRGHOGDWD*&0DQG5&0WRSURYLGHLQIRUPDWLRQ
RQWKHIXWXUHFOLPDWHRIWKH&DULEEHDQUHJLRQ:HDOVRXQGHUWDNHDDFRPSDUDWLYHGLVFXVVLRQRI
WKHSHUIRUPDQFHRIERWK*&0VDQG5&0VLQVLPXODWLQJWKHWKFHQWXU\&FOLPDWHRIWKH
&DULEEHDQDQGEDQDVVHVVPHQWRIWKHVWUHQJWKVDQGOLPLWDWLRQVRIWKHFOLPDWHFKDQJHSURMHFWLRQV
SURYLGHGE\ERWKW\SHVRIPRGHOV%HFDXVH&DULEEHDQVWDWLRQGDWDDUHVSDUVHZHUHO\RQJULGGHG
GDWDVHWVWRH[DPLQHWKHQXDQFHVRISUHVHQWGD\&DULEEHDQFOLPDWHe.g.NH\IHDWXUHVDQGVSDWLDO
YDULDELOLW\,WLVWKHVHQXDQFHVWKDWDOVRSURYLGHWKHEDVLVIRUDVVHVVLQJPRGHOVXLWDELOLW\IRUXVH
LQWKHUHJLRQDQGDJDLQVWZKLFKFOLPDWHFKDQJHLVHYDOXDWHG
7KHUHPDLQGHURIWKHSDSHULVRUGHUHGDVIROORZV6HFWLRQVXPPDUL]HVIURPOLWHUDWXUHZKDW
LVNQRZQDERXWKLVWRULFDOFOLPDWHWUHQGVLQWKH&DULEEHDQ6HFWLRQGHWDLOVWKHGDWDVHWVPRGHOV
DQGPHWKRGRORJLHVHPSOR\HGIRUWKHGDWDDQDO\VLV6HFWLRQGLVFXVVHVNH\IHDWXUHVRI&DULEEHDQ
FOLPDWHDVGHULYHGIURPWKHREVHUYHGGDWDVHWV6HFWLRQVDQGGLVFXVV&&DULEEHDQFOLPDWH
DQGFOLPDWHFKDQJHSURMHFWLRQVEDVHGRQ*&0DQG5&0GDWDIRUSUHFLSLWDWLRQDQGVXUIDFHDLU
WHPSHUDWXUHUHVSHFWLYHO\$VXPPDU\RIUHVXOWVLVSUHVHQWHGLQVHFWLRQDORQJZLWKDGLVFXVVLRQ
RIVRPHRIWKHLULPSOLFDWLRQV
2. Observed climatic changes in the Caribbean
+LVWRULFDOWHPSHUDWXUHWUHQGVIRUWKH&DULEEHDQKDYHEHHQVKRZQWRPDWFKJOREDOFKDQJH)ULFK
et al.3HWHUVRQet al.,3&&7KHLQWUDDQQXDOH[WUHPHUDQJHKDVEHHQGHFUHDVLQJ
VOLJKWO\DOWKRXJKWKHWUHQGLVQRWVLJQL¿FDQW3HWHUVRQet al.6LQJKDWWULEXWHVWKH
GHFUHDVHLQSDUWWRLQFUHDVHGFORXGFRYHUDWQLJKWWKDWOHDGVWREDFNUDGLDWLRQDQGWKHKHDWLQJRI
WKHODQG0D[LPXPWHPSHUDWXUHLVLQFUHDVLQJZLWKWKHWUHQGVLJQL¿FDQWDWWKHOHYHO3HWHUVRQ
et al.  UHODWH WKLV WRZDUPHU VHD VXUIDFH WHPSHUDWXUHV 667V WKRXJK ORFDO 667V RQO\
DFFRXQWIRURIYDULDQFH6LQJKVKRZVLQFUHDVHGPD[LPXPWHPSHUDWXUHVIRUVWDWLRQVLQ
7ULQLGDG&6DQ-XDQ&DQG*XDGHORXSH&7KH7ULQLGDGVWDWLRQDOVRVKRZV
DQLQFUHDVHLQPLQLPXPWHPSHUDWXUHVZLWKWKHWUHQGDFFHOHUDWHGGXULQJWKHV6LQJK
1DUDQMRDQG&HQWHOODDOVRVKRZDQLQFUHDVHLQPHDQDQQXDOWHPSHUDWXUHVIRU&XEDGXH
PDLQO\WRDVLJQL¿FDQWSRVLWLYHWUHQGLQPLQLPXPWHPSHUDWXUHV)RUWKHUHJLRQWKHXSZDUGWUHQGLQ
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PLQLPXPWHPSHUDWXUHVLVVLJQL¿FDQWDWWKHOHYHO3HWHUVRQet al.DQGDVZLWKPD[LPXP
WHPSHUDWXUHVOLQNHGWRFKDQJHVLQ667VWKRXJKWKHFRUUHODWLRQVDUHZHDNHUDQGQHJDWLYH
3UHFLSLWDWLRQDOVRPDWFKHVWKHJOREDODYHUDJHFKDQJHV)ULFKet al.3HWHUVRQet al., 
,3&&3UHFLSLWDWLRQLQWKH&DULEEHDQLVGRPLQDWHGE\YDULDELOLW\RQDQQXDODQG
GHFDGDOVFDOHV,WLVPRVWFORVHO\UHODWHGWR667VLQWKH6RXWK&DULEEHDQ6HDDQGVRPHZKDWWRWKH
WURSLFDO1RUWK$WODQWLF667V6SHQFHet al.6WHSKHQVRQet al.1HHOLQet al.
VKRZWKDWWKH&DULEEHDQLVGULHUE\PPSHUPRQWKRURIUDLQIDOOSHU\HDUVZLWK
DWUHQGWKDWLVVLJQL¿FDQWDWOHYHO6LQJKVKRZVDGHFUHDVHLQSUHFLSLWDWLRQIRU¿YHRI
WKHHLJKWVWDWLRQVDFURVVWKH&DULEEHDQZLWKWKHH[FHSWLRQVEHLQJWKH%DKDPDV9HQH]XHODDQG
RQHRI7ULQLGDG¶VVWDWLRQV7KHVLPSOHGDLO\LQWHQVLW\LQGH[VKRZVDVOLJKWGHFUHDVHDQGDOWKRXJK
WKHWUHQGLVQRWVLJQL¿FDQWLWFRUUHODWHVZHOOZLWKLQWHQVHKXUULFDQHV3HWHUVRQet al.
0D[LPXPSUHFLSLWDWLRQWKSHUFHQWLOHDQGDERYHLVLQFUHDVLQJEXWLWLVQRWVLJQL¿FDQWDWWKH
OHYHOSUREDEO\GXHWRWKHLQWHUDQQXDODQGGHFDGDOYDULDELOLW\7KHJUHDWHVW¿YHGD\UDLQWRWDO
LVLQFUHDVLQJZLWKDVLJQL¿FDQWWUHQGDWWKHOHYHODQGDOVRGLVSOD\VVLJQL¿FDQWLQWHUDQQXDO
YDULDELOLW\7KHQXPEHURIFRQVHFXWLYHGU\GD\VKDVGHFUHDVHGDQGWKHWUHQGLVVLJQL¿FDQWDWWKH
OHYHO3HWHUVRQet al.$GGLWLRQDOO\1HHOLQet al.XVLQJVWDWLRQDQGVDWHOOLWH
SUHFLSLWDWLRQGDWDVKRZDGU\LQJWUHQGEHWZHHQ-XQHDQG$XJXVWLQWKH&DULEEHDQLQWKHODVW
IHZGHFDGHV
7KH,3&&$5UHSRUWHGDQLQFUHDVHLQJOREDOVHDOHYHODWWKHUDWHRIPP\HDUEHWZHHQ
DQGDQGDWWKHUDWHRIPP\HDUIURPWR,3&&6HDOHYHOULVH
RIDURXQGWRPPSHU\HDUKDVEHHQREVHUYHGDWWLGDOJDXJLQJVWDWLRQVDURXQG
WKH&DULEEHDQPDNLQJWKHUHJLRQDOWUHQGVLPLODUWRWKDWIRUWKHJOREH&KXUFKet al.)XWXUH
VHD OHYHOSURMHFWLRQV DUHXQFHUWDLQPDLQO\RZLQJ WRGLI¿FXOWLHV LQSUHGLFWLQJ WKHPHOW UDWHVRI
WKH*UHHQODQGDQG$QWDUFWLFLFHVKHHWV7KH,3&&$5LQGLFDWHVDQLQFUHDVHRIPHDQJOREDOVHD
OHYHOE\WRFPE\XQGHUWKH$HPLVVLRQVVFHQDULR,3&&ZLWKUHFHQWVWXGLHV
VXJJHVWLQJDQHYHQPRUHUDSLGLQFUHDVH6LPSVRQet al.GLVFXVVWKHOLNHOLKRRGRIRUP
VHDOHYHOULVHLQWKH&DULEEHDQXQGHUHLWKHUDRU&JOREDOZDUPLQJVFHQDULRDQGKRZLW
ZRXOGDIIHFWFRVWDOLQIUDVWUXFWXUHLQWKHUHJLRQ
2WKHUYDULDEOHVDUHQRWHDVLO\DYDLODEOHDFURVVWKH&DULEEHDQIRUORQJWLPHSHULRGVDQGDVVXFK
WKHLUWUHQGVKDYH\HWWREHVHULRXVO\VWXGLHG
3. Data, models, and methodology
2EVHUYDWLRQGDWDVHWV XVHG LQ WKLV VWXG\ LQFOXGHJULGGHGREVHUYDWLRQDO DQG UHDQDO\VLV SURGXFWV
VHH7DEOH,7KH*&0VXVHGLQWKLVVWXG\DUHDSDUWRIWKHWKLUGSKDVHRIWKH&RXSOHG0RGHO
,QWHUFRPSDULVRQ3URMHFW&0,30HHKOet al.DQGZHUHXVHGLQWKH,3&&$57KHVXEVHWRI
*&0VXVHGLQWKLVVWXG\DUHOLVWHGLQ0F6ZHHQH\et al.VHH7DEOH,,DQGDUHGHVFULEHG
in more detail in Randall et al.  VHHSS:H UHIHU WR WKHVHPRGHOV DV&0,3
PRGHOV$OOWKH*&0GDWDDUH¿UVWUHJULGGHGWRDFRPPRQîo latitude-longitude grid before 
FDUU\LQJRXWWKHDQDO\VLV:HWKHQXVHWKLVPXOWLPRGHOHQVHPEOHWRFRPSXWHHQVHPEOHPHDQDQG
PHGLDQSURMHFWLRQVDQGWR¿QGWKHUDQJHRISURMHFWLRQVDFURVVWKHPRGHOV0HDQFOLPDWHDQGWKH
FOLPDWHFKDQJHSURMHFWLRQVIRUHYHU\FRXQWU\DUHFDOFXODWHGE\LQFOXGLQJJULGER[HVWKDWOLHIXOO\
RUSDUWLDOO\ZLWKLQWKHSROLWLFDOERXQGDULHVRIWKDWFRXQWU\7KHG\QDPLFDOGRZQVFDOLQJWHFKQLTXH
ZDVXVHGWRGRZQVFDOH*&0GDWDWRNPUHVROXWLRQXVLQJWKH8.+DGOH\&HQWUHUHJLRQDOFOLPDWH
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PRGHOOLQJV\VWHPFDOOHG35(&,63URYLGLQJ5HJLRQDO&OLPDWHVIRU,PSDFWV6WXGLHV$GHWDLOHG
GHVFULSWLRQRIWKH5&0GRPDLQDQGWKHPHWKRGRORJ\LVGLVFXVVHGLQ&DPSEHOOet al.DQG
Centella et al. 7KH35(&,65&0VLPXODWLRQVDUHGULYHQE\WKH+DG$03DQG(&+$0
GCMs (see Jones et al.
&OLPDWHFKDQJHSURMHFWLRQVDUHFDOFXODWHGIRUWKHVPHDQRIIRUWKH65(6
$VFHQDULRUHODWLYHWRWKHPHDQFOLPDWHRI7KHVHWZRWLPHVOLFHVDUHFKRVHQEHFDXVH
WKH\SURYLGHPD[LPXPRYHUODSEHWZHHQDOOWKH*&0DQG5&0GDWDLQFOXGHGLQWKLVVWXG\7KH
GLVFXVVLRQ LVDOVR OLPLWHG WRRQHVFHQDULREHFDXVHRIGDWDDYDLODELOLW\DW WKH WLPHRIZULWLQJ
7KH65(6$VFHQDULREHLQJWKHKLJKHPLVVLRQVVFHQDULR,3&&JLYHVSURMHFWLRQVWKDWOLH
WRZDUGVWKHKLJKHQGRIWKHUDQJHRISURMHFWLRQVEDVHGRQDOOWKHDYDLODEOHHPLVVLRQVVFHQDULRV
(YHQWKRXJKDOOWKHVFHQDULRVGHVFULEHGLQ,3&&DUHHTXDOO\SODXVLEOHLWKDVEHHQVKRZQ
WKDWWKHVSDWLDOSDWWHUQRIUHVSRQVHIRUNH\YDULDEOHVVXFKDVWHPSHUDWXUHDQGSUHFLSLWDWLRQLVYHU\
VLPLODUDFURVVDOOWKHVFHQDULRVLQWKLVUHJLRQDQGGLIIHUVVLJQL¿FDQWO\RQO\LQLWVPDJQLWXGH0LWFKHOO
7KHUHIRUHWKHUHVXOWVSUHVHQWHGKHUHFDQEHVFDOHGWRGHWHUPLQHDSSUR[LPDWHSURMHFWLRQVIRU
RWKHUVFHQDULRV7DEOH,,GHVFULEHVWKHQDWXUHRILQIRUPDWLRQJHQHUDWHGLQWKLVVWXG\ZLWKWKHKHOS
RISUHFLSLWDWLRQLQIRUPDWLRQIRU$QJXLOODDVDQH[DPSOH6LPLODULQIRUPDWLRQRQSUHFLSLWDWLRQDQG
WHPSHUDWXUHIRUDOOLVODQGVWDWHVLQFOXGHGLQWKLVVWXG\LVWDEXODWHGLQ7DEOHV6 and 6 of the 
VXSSOHPHQWDU\PDWHULDO
7DEOH,2EVHUYDWLRQDOGDWDVHWVXVHGLQWKLVVWXG\
'DWDVHW Resolution 'HWDLOV 5HIHUHQFHV
3UHFLSLWDWLRQ35&3
&OLPDWH5HVHDUFK8QLW
(CRU)
îo /DQGRQO\JULGGHGVWDWLRQ
REVHUYDWLRQV
1HZet al.
8QLYHUVLW\RI'HODZDUH
8'HO
îo /DQGRQO\JULGGHGVWDWLRQ
REVHUYDWLRQV
0DWVXXUDDQG:LOOPRWWDE
*OREDO3UHFLSLWDWLRQ
&OLPDWRORJ\&HQWUH
(GPCC)
îo *ULGGHGREVHUYDWLRQV 5XGROIDQG6FKQHLGHU
Rudolf et al.
&OLPDWH3UHGLFWLRQ&HQWHU
0HUJHG$QDO\VLVRI
3UHFLSLWDWLRQ&0$3
îo Satellite ;LHDQG$UNLQ
7URSLFDO5DLQIDOO
Measuring Mission 
(TRMM)
î Satellite +XIIPDQHWDO 
6HDVXUIDFHWHPSHUDWXUH667
+DGOH\&HQWUH667
(HadISST)
îo In situREVHUYDWLRQVDQG
VDWHOOLWHGHULYHGHVWLPDWHV
5D\QHUet al.
6HDOHYHOSUHVVXUH6/3ZLQGVSHHG:63
NCEP îo 5HDQDO\VLV .DOQD\et al.
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4. 20th century climate of the Caribbean
4.1 Observed precipitation
)URPWKHSRLQWRIYLHZRIFOLPDWHFKDQJHDQGLWVLPSDFWVFKDQJHLQSUHFLSLWDWLRQUHPDLQVRQHRIWKH
PRVWLPSRUWDQWSDUDPHWHUVIRUWKH&DULEEHDQ7KHLVODQGVLQWKH&DULEEHDQH[SHULHQFHWZRGLVWLQFW
VHDVRQVLQJHQHUDODGU\VHDVRQIURP1RYHPEHUWKURXJK$SULODQGDZHWVHDVRQIURP0D\WKURXJK
2FWREHU*UDQJHU7D\ORUDQG$OIDUR3UHFLSLWDWLRQPDJQLWXGHYDULHVFRQVLGHUDEO\
IURPWKH%DKDPDVWRWKHVRXWKHUQPRVWLVODQGVRIWKH/HVVHU$QWLOOHVDQGPRXQWDLQRXVWRSRJUDSK\
DQGLWVRULHQWDWLRQZLWKUHVSHFWWRWKHGLUHFWLRQRIWUDGHZLQGVIXUWKHU\LHOGODUJHVSDWLDOYDULDWLRQV
LQSUHFLSLWDWLRQRQPDQ\LVODQGV*UDQJHU6REHOet al.$SURPLQHQWIHDWXUHRIWKH
VHDVRQDOF\FOHRISUHFLSLWDWLRQLVWKHPLGVXPPHUGURXJKW06'0DJDxDet al.ZKLFK
LVQRWDUHDOGURXJKWEXWDSHULRGGXULQJWKHZHWVHDVRQPRQWKVZKHQSUHFLSLWDWLRQLVUHODWLYHO\
ORZHUUHVXOWLQJ LQDELPRGDOF\FOHRISUHFLSLWDWLRQ7KH WLPLQJDQGGXUDWLRQRI WKH06'YDU\
DFURVVWKH&DULEEHDQe.g.WKH06'DSSHDUVLQHDUO\-XQHLQSDUWVRIWKHHDVWHUQ&DULEEHDQDQG
7DEOH,,,VODQGVSHFL¿FSUHFLSLWDWLRQGDWD2EVHUYHGDQGVLPXODWHGPHDQVIRUWKHSHULRGIRU
DOOVHDVRQDQGFOLPDWHFKDQJHSURMHFWLRQVEDVHGRQ WKH&0,3HQVHPEOHDQG5&0VLPXODWLRQVIRU WKH
65(6$VFHQDULR7KLVWDEOHVKRZVUHVXOWVIRU$QJXLOOD6LPLODULQIRUPDWLRQLVVXPPDUL]HGLQ7DEOH6 of 
VXSSOHPHQWDU\PDWHULDOIRUWKHIROORZLQJFRXQWULHV$QJXLOOD$QWLJXDDQG%DUEXGDWKH%DKDPDV%DUEDGRV
&XED'RPLQLFD'RPLQLFDQ5HSXEOLF*UHQDGD+DLWL-DPDLFD6W.LWWVDQG1HYLV6W/XFLD6W9LQFHQW
DQGWKH*UHQDGLQHV7ULQLGDGDQG7REDJR7XUNVDQG&DLFRV,VODQGV
Season 'DWDVHW Mean
FOLPDWH
PP
month)
3URMHFWLRQV65(6$VFHQDULR
Mean
PPPRQWK
Min
PPPRQWK
Median
PPPRQWK
0D[
PPPRQWK
Annual &0,3
RCM–H
RCM–E
OBS




 ±±
 ±±
 ± ±
 ± ±  ±±  
'U\ &0,3
RCM–H
RCM–E
OBS




 ± ±
 ± ±
  
 ± ±  ± ±  
Wet &0,3
RCM–H
RCM–E
OBS




 ±±
 ±±
 ± ±
 ± ±  ±±  
MJJ &0,3
RCM–H
RCM–E
OBS




 ±±
 ±±
  
 ± ±  ±±  ±±
ASON &0,3
RCM–H
RCM–E
OBS




 ±±
 ±±
 ±±
 ± ±  ±±  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LQODWH-XO\DURXQG&XEDDQGWKH%DKDPDVDQGLVQRQH[LVWHQWLQVRPHHDVWHUQLVODQGV0DJDxDet 
al.*DPEOHDQG&XUWLV&DSWXULQJWKHWLPLQJGXUDWLRQDQGH[LVWHQFHRIWKH06'LQ
WKH&DULEEHDQDUHLPSRUWDQWPHDVXUHVIRUERWKREVHUYHGDQGVLPXODWHGGDWDVHWV
2EVHUYHG&OLPDWH5HVHDUFK8QLW&588QLYHUVLW\RI'HODZDUH8'HO*OREDO3UHFLSLWDWLRQ
&OLPDWRORJ\&HQWUH*3&&]RQDOPHDQSUHFLSLWDWLRQIRUWZRODWLWXGHEDQGV²RQHFRYHULQJPRVW
RIWKH*UHDWHU$QWLOOHVDQGWKH%DKDPDVLQWKHZHVWHUQ&DULEEHDQDQGWKHRWKHURYHUWKH/HVVHU
$QWLOOHV LQ WKHHDVWHUQ&DULEEHDQ )LJ²IRU WKHSHULRG LV VKRZQ LQ)LJXUH7KH
VHDVRQDOF\FOHRISUHFLSLWDWLRQLQWKHZHVWHUQ&DULEEHDQLVSUHGRPLQDQWO\ELPRGDOLQQDWXUH)LJ
DZLWK¿UVWPD[LPXPLQSUHFLSLWDWLRQLQ0D\RU-XQHDQGWKHVHFRQGPD[LPXPEHWZHHQ$XJXVW
DQG1RYHPEHU -DPDLFD+DLWL DQG'RPLQLFDQ5HSXEOLF VKRZSUHFLSLWDWLRQSHDNV LQ0D\DQG
2FWREHUZLWKDUHODWLYHGHFUHDVHLQSUHFLSLWDWLRQGXULQJWKHLQWHUPHGLDWHPRQWKV,QWKH%DKDPDV
DQG&XEDSUHFLSLWDWLRQSHDNVDURXQG-XQHDQGLQ6HSWHPEHUZLWKDVKRUWHU06'SHULRGUHODWLYH
WRWKHLVODQGVWRWKHLUVRXWK7KHGRXEOHSHDNLQSUHFLSLWDWLRQFDQEHVHHQDWDOOODWLWXGHVLQWKH
ZHVWHUQ&DULEEHDQZLWKWKHVHFRQGSHDNJHQHUDOO\JUHDWHUWKDQWKH¿UVW7KHVHDVRQDOF\FOHRI
SUHFLSLWDWLRQRYHUWKHLVODQGVLQWKHHDVWHUQ&DULEEHDQ)LJEVLPLODUO\VKRZVDELPRGDOF\FOH
IRUPRVWODWLWXGHVQRUWKRIDERXW1ZLWKWKHODWHZHWVHDVRQSHDNEHLQJJUHDWHUWKDQWKH¿UVW
PD[LPXP)RULVODQGVVRXWKRI1KRZHYHUWKHUHLVRQO\RQHSHDNZKLFKRFFXUVLQWKHODWH
ZHWVHDVRQ)LJEDQGZKLFKLVLQSDUWUHODWHGWRWKHLQWHUWURSLFDOFRQYHUJHQFH]RQH,7&=
UHDFKLQJLWVQRUWKHUQPRVWSRVLWLRQLQWKRVHPRQWKV6LQFHWKH&588'HODQG*3&&GDWDVHWV
DUHEDVHGRQWKHVWDWLRQQHWZRUNLQWKHUHJLRQWKHVHPDSVUHSUHVHQWSUHFLSLWDWLRQRYHUODQG
$OWKRXJKVDWHOOLWHREVHUYDWLRQVKDYHOLPLWHGWHPSRUDOFRYHUDJHWKH\SURYLGHEHWWHUVSDWLDO
FRYHUDJHIRUWKLVUHJLRQZKHUHVWDWLRQGDWDLVVSDUVH&3&0HUJHG$QDO\VLVRI3UHFLSLWDWLRQ&0$3
GDWDDUHXVHGIRUWKHSHULRGDQG7URSLFDO5DLQIDOO0HDVXULQJ0LVVLRQ7500GDWDIRU
LQDGGLWLRQWRWKH&58DQG8'HOGDWDWRDVVHVVGLIIHUHQFHVEHWZHHQWKHREVHUYDWLRQ
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o W) and 
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o :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)LJ=RQDOPDSVRIREVHUYHGSUHFLSLWDWLRQDQG667VIRUWKHZHVWHUQOHIWSDQHOVDQGHDVWHUQULJKWSDQHOV
&DULEEHDQUHJLRQVVKRZQLQ)LJXUH=RQDOPDSVRISUHFLSLWDWLRQEDVHGRQVWDWLRQREVHUYDWLRQV&58
8'HO*3&&DUHVKRZQLQSDQHOVDDQGE&0$3LQFDQGGDQG7500LQHDQGI6WDUVLQD
DQGEPDUNWKHPD[LPXPSUHFLSLWDWLRQDWDJLYHQODWLWXGH2EVHUYHG667V+DG,667DUHVKRZQLQSDQHOV
JDQGK:KLWHGRWWHGOLQHVPDUNWKH&WKUHVKROGIRUFRQYHFWLRQ5RXJKSRVLWLRQVRIWKHLVODQGV
are marked on the plots.
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  0 0.6 1.2 1.8 2.4   3 3.6 4.2 4.8 5.4   6
PRCP (CMAP, 1979−2000)(58W−68W)
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(c) (d)
PRCP (TRMM, 1998−2007)(70W−80W)
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PRCP (TRMM, 1998−2007)(58W−68W)
  0 0.6 1.2 1.8 2.4   3 3.6 4.2 4.8 5.4   6
(e) (f)
SST (HadISST, 1970−1989) (70W−80W)
  24 24.5   25 25.5   26 26.5   27 27.5   28 28.5   29
SST (HadISST, 1970−1989) (58W−68W)
  24 24.5   25 25.5   26 26.5   27 27.5   28 28.5   29
(g) (h)
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GDWDVHWVDQGIRUFRPSDULVRQZLWKVLPXODWHGSUHFLSLWDWLRQVHFWLRQ$OOWKHREVHUYDWLRQDOSURGXFWV
VKRZVLPLODUYDULDWLRQVLQ]RQDOSUHFLSLWDWLRQLQWKHQRUWKZHVWHUQ&DULEEHDQ)LJDFH$OO
VKRZDELPRGDOSUHFLSLWDWLRQF\FOHZLWKDORQJHU06'SHULRGDURXQGWKH*UHDWHU$QWLOOHV&XED
-DPDLFD+LVSDQLRODUHJLRQWKDQWKDWLQWKHQRUWKHUQ&DULEEHDQi.e., the Bahamas). In the eastern 
&DULEEHDQKRZHYHUWKHVHFRQGPD[LPXPLQSUHFLSLWDWLRQLQ&0$3RFFXUVLQ6HSWHPEHU)LJG
LQVWHDGRI2FWREHU1RYHPEHULQGLFDWHGE\VWDWLRQREVHUYDWLRQV)LJE,QWKH7500SURGXFW
WKHVHFRQGSUHFLSLWDWLRQSHDNRFFXUVDURXQG2FWREHU1RYHPEHULQWKHHDVWHUQ&DULEEHDQ)LJI), 
EXWLWGRHVQRWDJUHHZHOOZLWKWKHPDJQLWXGHRIREVHUYHGSUHFLSLWDWLRQVHHQLQ)LJXUHE
)LJXUH FI DOVR VKRZV WKDW WKHPDJQLWXGHRI ]RQDO DYHUDJHGSUHFLSLWDWLRQ IRU WKH VDWHOOLWH
SURGXFWVLVORZHUWKDQWKDWIRUWKHVWDWLRQGDWDVLQFHWKHDYHUDJHLQYROYHVFRQWULEXWLRQIURPWKH
RFHDQV7KDWLVWKHGLIIHUHQFHOLNHO\DULVHVIURPYDULDWLRQVLQGXFHGE\ODQGVXUIDFHKHDWLQJDQG
WKHWRSRJUDSK\7KLVLVPRUHVRHYLGHQWLQWKHHDVWHUQ&DULEEHDQUHJLRQ)LJGIZKLFKJHQHUDOO\
KDVYHU\OLWWOHODQGPDVVDQGWKHUHIRUHWKH]RQDOSUHFLSLWDWLRQLVOLNHO\GRPLQDWHGE\SUHFLSLWDWLRQ
RYHUWKHRFHDQOHDGLQJWRGLVDJUHHPHQWVEHWZHHQWKHVDWHOOLWHDQGVWDWLRQREVHUYDWLRQSURGXFWV
-XU\QRWHGVHYHUDOVXFKELDVHVLQDOOREVHUYDWLRQDOSURGXFWVLQWKH&DULEEHDQPDNLQJWKHLU
XVHLQFOLPDWHPRGHOHYDOXDWLRQFKDOOHQJLQJ
1RWZLWKVWDQGLQJWKHLVODQGVRIWKH*UHDWHU$QWLOOHVDQGWKHIDLUO\ODUJHLVODQGVLQWKH/HVVHU
$QWLOOHVVXFKDV'RPLQLFDDQG0DUWLQLTXHVKRZUHJLRQDOPD[LPDLQSUHFLSLWDWLRQGXULQJWKHZHW
VHDVRQPRQWKV)LJFH0DQ\LVODQGVLQWKH/HVVHU$QWLOOHVIURP*XDGHORXSHWR6W/XFLD
DOVRUHFHLYHFRQVLGHUDEO\PRUHSUHFLSLWDWLRQWKDQWKHVXUURXQGLQJZDWHUVLQWKHVDWHOOLWHSURGXFWV
)LJGI,QDGGLWLRQWRSUHFLSLWDWLRQWKDWUHVXOWVIURPPLGODWLWXGHDLULQWUXVLRQVLQWKHGU\
VHDVRQ6FKXOW]et al.PRXQWDLQRXVWRSRJUDSK\JLYHVULVHWRRURJUDSKLFSUHFLSLWDWLRQ
GXULQJ WKHGU\VHDVRQPRQWKVDORQJ WKHZLQGZDUGVORSHVRI WKH LVODQGV$VDUHVXOWKLJKHU
SUHFLSLWDWLRQ WRWDOV DORQJ WKHZLQGZDUG VORSHV DQG ODUJH VSDWLDO YDULDWLRQV LQ SUHFLSLWDWLRQ
IURPZLQGZDUG WR OHHZDUG VORSHV DUHREVHUYHGRQ WKHVH LVODQGV 5HHG 6PLWKet al., 
'RPLQLFDLQSDUWLFXODUVKRZVRYHUPPGD\SUHFLSLWDWLRQWKURXJKRXWWKH\HDUZLWK
DPD[LPXPRIPPGD\LQ1RYHPEHU)LJE7KHUHLVFRQVLVWHQF\ZLWKWKHUHVXOWVRI
Biasutti et al.ZKRXVH7500KLJKUHVROXWLRQGDWDWRVKRZWKDWSUHFLSLWDWLRQRYHUWKH
&DULEEHDQLVODQGVLVPRUHIUHTXHQWWKDQRYHUWKHDGMDFHQWRFHDQGXULQJWKHZHWVHDVRQPRQWKV
GXHWRODQGVHDWKHUPDOFRQWUDVW6REHOet al.DOVRGHPRQVWUDWHWKDWWKHUHLVDVLJQL¿FDQW
LQFUHDVHLQDYHUDJHLVODQGSUHFLSLWDWLRQUHODWLYHWRWKHRFHDQVXUURXQGLQJLWIRUODUJHLVODQGV
ZLWKPRXQWDLQRXVWRSRJUDSK\7KHDXWKRUVKRZHYHUVXJJHVWWKDWVPDOOLVODQGVUHFHLYHOHVV
SUHFLSLWDWLRQWKDQWKHVXUURXQGLQJRFHDQ6REHOet al.
4.2 Sea surface temperatures
2QHRIWKHSULPDU\FRQWUROVRIVHDVRQDOSUHFLSLWDWLRQLQWKH&DULEEHDQLV6677KHWURSLFDO1RUWK
$WODQWLFWKH&DULEEHDQ6HDDQGWKH*XOIRI0H[LFRDUHLPSRUWDQWVRXUFHVRIKHDWDQGPRLVWXUH
WRWKH&DULEEHDQ667YDULDELOLW\LQWKHUHJLRQDIIHFWVWKHFOLPDWHRIWKH&DULEEHDQSDUWLFXODUO\LQ
WKHZHWVHDVRQPRQWKV0D\1RYHPEHU7D\ORUet al.:DQJet al.ZKHQDQLQFUHDVH
WRYDOXHVRYHU &FUHDWHVFRQGXFLYHFRQGLWLRQV IRURUJDQL]HGFRQYHFWLRQDQGZLGHVSUHDG
SUHFLSLWDWLRQ*UDKDPDQG%DUQHWW
7KHREVHUYHG667V+DGOH\&HQWUH667+DG,667IRUWKHSHULRGVKRZDVLQJOH
SHDNLQWKHVHDVRQDOF\FOHRI667VDURXQG6HSWHPEHU2FWREHULQWKHHDVWHUQ)LJJDQGZHVWHUQ
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)LJK&DULEEHDQ7KH667WKUHVKROGRI &IRUFRQYHFWLRQPDUNHGE\WKHGDVKHGZKLWH
OLQHLVFURVVHGDURXQG0DUFK$SULOLQWKHFHQWUDO&DULEEHDQDQGQRWXQWLO0D\-XQHDURXQGWKH
%DKDPDV)LJJ7KHWLPLQJLVFRQVLVWHQWZLWKYDULDWLRQVLQWKHRQVHWRIWKHZHWVHDVRQDQGWKH¿UVW
PD[LPXPLQSUHFLSLWDWLRQZKLFKRFFXUHDUOLHULQWKHZHVWHUQ&DULEEHDQDQGODWHULQWKHQRUWKZHVWHUQ
&DULEEHDQ,QWKHHDVWHUQ&DULEEHDQIRUZDWHUVVXUURXQGLQJWKH/HVVHU$QWLOOHVWKH& threshold 
LVFURVVHGDURXQG$SULODQG667VDUHJUHDWHUWKDQ&IURP$XJXVWWKURXJK1RYHPEHU)LJK
7KLVVWURQJOLQNEHWZHHQSUHFLSLWDWLRQDQG667LVPDQLIHVWHGLQSDUWWKURXJKWKHLQÀXHQFHRI667
YDULDELOLW\RQWKH1RUWK$WODQWLFKLJKSUHVVXUHV\VWHPZKLFKLVGLVFXVVHGEHORZ
4.3 The North Atlantic subtropical high and the Caribbean low-level jet
7KRXJKZHGRQRWLOOXVWUDWHLWZLWKGLDJUDPVLWLVLPSRUWDQWWRQRWHWKDWDVHFRQGPDMRUFRQWURORI
VHDVRQDOSUHFLSLWDWLRQLQWKH&DULEEHDQLVWKHSUHVVXUHJUDGLHQWGHWHUPLQHGE\WKH1RUWK$WODQWLF
VXEWURSLFDOKLJK1$6+DQGWKHHTXDWRULDOORZSUHVVXUHEDQG:KHUHDV667VFRQWURORUJDQL]HG
FRQYHFWLRQWKHVHDOHYHOSUHVVXUH6/3YDULDELOLW\FRQWUROVWKHPDJQLWXGHDQGGLUHFWLRQRIWKH
WUDGHZLQGVLQWKH&DULEEHDQ
:DQJDQG:DQJDQG/HHGHPRQVWUDWHWKDWWKHVHDVRQDOPRYHPHQWDQGFKDQJHV
LQWKHLQWHQVLW\RIWKH1$6+DUHLQWLPDWHO\OLQNHGWRFKDQJHVLQSUHFLSLWDWLRQWKURXJKLWVUHODWLRQWR
667VDQGLQÀXHQFHRQZLQGV/RZHVW6/3JHQHUDOO\KHOSVWRGH¿QHWKHZHWVHDVRQPRQWKV'XULQJ
WKHPRQWKVRI-XO\DQG$XJXVW6/3LQFUHDVHVGXHWRDEULHILQWUXVLRQRIWKH1$6+SDUWLFXODUO\
LQWKHZHVWHUQ&DULEEHDQ*DPEOHDQG&XUWLVQRWHWKDWWKLVLVDFRQWULEXWRU\IDFWRUWRWKH
06'3UHFLSLWDWLRQSHDNVDJDLQZKHQWKH667VUHDFKWKHLUPD[LPXPYDOXHVDQG6/3LWVPLQLPXP
YDOXHRIWKH\HDUIRUDJLYHQODWLWXGH1RWHWKHQWKDWWKHVHDVRQDOF\FOHRI667VLQWKH&DULEEHDQ
6HDKDVRQO\RQHSHDNGXULQJODWHVXPPHUVHHDJDLQ)LJJKXQOLNHWKHSUHFLSLWDWLRQVHDVRQDO
F\FOHEXW WKHVHDVRQDOF\FOHRI ORFDO6/3KDVWZRSHDNV6/3SHDNVLQERUHDOZLQWHUWKHGU\
VHDVRQ DQG DJDLQGXULQJPLGVXPPHU DQG LV DOVR DVVRFLDWHGZLWKSHDN LQWHQVLWLHV LQ HDVWHUO\
WUDGHZLQGVLQWKH&DULEEHDQ6HD:DQJ$PDGRU0XxR]et al.:K\WHet al., 
7KLVODWWHUIHDWXUHLVFRPPRQO\NQRZQDVWKH&DULEEHDQORZOHYHOMHW&//-ZKLFKLV
HVVHQWLDOO\WKHLQWHQVL¿HGHDVWHUO\WUDGHZLQGVDORQJWKHVRXWKHUQÀDQNRIWKH1$6+UHVXOWLQJ
from a large meridional pressure gradient in the region. We further note that the CLLJ also has a 
ELPRGDOVHDVRQDOF\FOHZLWKPD[LPDLQ-XO\DQG)HEUXDU\DVVRFLDWHGZLWKWKHPRYHPHQWRIWKH
1$6+DQGKHDWLQJRYHUWKHWURSLFDO6RXWK$PHULFD:DQJDQG/HH&RRNDQG9L]\
$QXPEHURIVWXGLHVQRWHDVWURQJQHJDWLYHFRUUHODWLRQEHWZHHQ&DULEEHDQSUHFLSLWDWLRQDQGWKH
VWUHQJWKRIWKH&//-0XxR]et al.:K\WHet al.&RRNDQG9L]\7D\ORUet 
al.SDUWLFXODUO\GXULQJWKHZHWVHDVRQPRQWKV$QLQFUHDVHLQWKH&//-LQWHQVLW\LQ-XO\
LVDVVRFLDWHGZLWKDGHFUHDVHLQSUHFLSLWDWLRQZKHUHDVDPLQLPXPLQ&//-VWUHQJWKLQ2FWREHU
1RYHPEHUFRLQFLGHVZLWKSHDNSUHFLSLWDWLRQLQWKHUHJLRQ
5. Simulated Caribbean precipitation
5.1 Climate model performance
7KRXJK*&0VJHQHUDOO\IDFHGLI¿FXOW\FDSWXULQJWKHYDULHW\RIFOLPDWHUHJLPHVSUHVHQWDWWKHLVODQG
OHYHOWKH\FDQVWLOOEHWHVWHGIRUWKHLUDELOLW\WRVLPXODWHWKHV\QRSWLFVFDOHIHDWXUHVWKDWVKDSHWKH
FOLPDWHRIWKHUHJLRQ7KHGHJUHHWRZKLFKWKHSUHVHQFHRIDQLVODQGFDQLQÀXHQFHUHJLRQDOFLUFXODWLRQ
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GHSHQGVRQWKHLVODQG¶VVL]HDQGWRSRJUDSKLFIHDWXUHV6REHOet al.7KLVHIIHFWLVVPDOOIRUWKH
small islands in the Caribbean (Chan et al.6REHOet al.7KHUHIRUHLWLVUHDVRQDEOHWR
H[SHFWWKDWWKH&0,3PRGHOVVKRXOGVWLOOFDSWXUHWKHODUJHVFDOHFLUFXODWLRQIHDWXUHVRIWKH&DULEEHDQ
5HJLRQDOFOLPDWHPRGHOVRSHUDWLRQDODWWRNPKRUL]RQWDOUHVROXWLRQDUHPRUHDSSURSULDWHIRU
VWXGLHVRIFOLPDWHFKDQJHLQWKH&DULEEHDQLVODQGVEXWWKHLUSHUIRUPDQFHDOVRQHHGVWREHWKRURXJKO\
YDOLGDWHGDJDLQVWREVHUYDWLRQV
6LPXODWHG&SUHFLSLWDWLRQLQWKH&0,3PRGHOV)LJDEFDQEHFRPSDUHGZLWK&0$3
SUHFLSLWDWLRQIRUWKHSHULRGRIRYHUODS&RPSDULVRQVEHWZHHQ)LJXUHVDFDQGE
GLQGLFDWHXQGHUHVWLPDWLRQRIWKH&0,3HQVHPEOHPHDQSUHFLSLWDWLRQUHODWLYHWR&0$3GXULQJ
WKHZHWVHDVRQLQERWK WKHZHVWHUQDVZHOODVHDVWHUQ&DULEEHDQ6LQFHDVQRWHGSUHYLRXVO\
LVODQGVUHFHLYHPRUHSUHFLSLWDWLRQWKDQWKHVXUURXQGLQJZDWHUVGXHWR WKHHIIHFWVRI ODQGVHD
WKHUPDOFRQWUDVWVDQGWRSRJUDSK\XQGHUHVWLPDWLRQRISUHFLSLWDWLRQE\WKH*&0VWKDWGRQRW
UHVROYHWKHVHLVODQGVLVH[SHFWHG%XWHYHQDWODUJHUVSDWLDOVFDOHVWKH&0,3*&0VKDYHEHHQ
VKRZQWRV\VWHPDWLFDOO\XQGHUHVWLPDWHSUHFLSLWDWLRQLQWKHUHJLRQ'DL0DQ\&0,3
PRGHOVIDLOWRFDSWXUHWKH¿UVWSHDNLQSUHFLSLWDWLRQVHHQLQWKHUHJLRQDQGWKHRQHVWKDWGRFDSWXUH
LWVHYHUHO\XQGHUHVWLPDWHSUHFLSLWDWLRQGXULQJWKHHDUO\ZHWVHDVRQPRQWKVQRWVKRZQ,QWKH
ZHVWHUQ&DULEEHDQWKHHQVHPEOHPHDQSUHFLSLWDWLRQVKRZVDGU\ELDVLQ-DPDLFDDQG+LVSDQLROD
)LJDSDUWLFXODUO\LQWKHZHWVHDVRQ2YHU&XEDDQGWKH%DKDPDV&0,3HQVHPEOHPHDQ
VKRZVDGU\ELDVLQWKHHDUO\ZHWVHDVRQDQGDZHWELDVLQWKHODWHZHWVHDVRQ,QWKHHDVWHUQ
&DULEEHDQSUHFLSLWDWLRQLVXQGHUHVWLPDWHGRYHUWKH/HVVHU$QWLOOHVIURP$SULOWKURXJK1RYHPEHU
)LJE,WLVLPSRUWDQWWRQRWHKRZHYHUWKDW&0$3SUHFLSLWDWLRQGRHVQRWDJUHHZHOOZLWK
RWKHUREVHUYDWLRQVLQWKLVODWWHUUHJLRQVHHSUHYLRXVVHFWLRQ
6HQVLWLYLW\RIPRGHOFRQYHFWLRQVFKHPHVWR667VDQG667XQGHUHVWLPDWLRQLQWKH&DULEEHDQ
UHJLRQ:DQJDQG/HHDUHWKRXJKWWREHSDUWLDOO\UHVSRQVLEOHIRUWKHGU\ELDVLQZHWVHDVRQ
SUHFLSLWDWLRQ'DL)LJXUHJKVKRZWKDWDOWKRXJKWKHVHDVRQDOF\FOHRI667VLVIDLUO\ZHOO
FDSWXUHGLQWKH&0,3HQVHPEOHPHDQWKHVLPXODWHG667VDUHORZHUE\DERXWC than 
WKHREVHUYHG667VWKURXJKRXWPRVWRIWKH\HDU)LJJK7KLVLVFRQVLVWHQWZLWK5DXVFKHUet al. 
ZKRVKRZWKDWWKH&0,3HQVHPEOHXQGHUHVWLPDWHV667VE\DERXW&LQ--$LQWKHWURSLFDO
1RUWK$WODQWLFWKH&DULEEHDQ6HDDQGWKH*XOIRI0H[LFR5DXVFKHUet al.DOVRGHPRQVWUDWH
WKDWKLJKHUUHVROXWLRQ*&0VKDYHVPDOOHUSUHFLSLWDWLRQELDVPDNLQJKRUL]RQWDOUHVROXWLRQRIWKH
PRGHOVDQLPSRUWDQWIDFWRU7KHXQGHUHVWLPDWLRQRISUHFLSLWDWLRQLQWKH&0,3HQVHPEOHLVDOVR
OLQNHGWRDQRYHUHVWLPDWLRQRI6/3VLQWKHUHJLRQ)LJ(DUO\ZHWVHDVRQPLQLPXPLQ6/3LQ
WKHZHVWHUQ&DULEEHDQDVVKRZQE\1&(3UHDQDO\VLVGDWDLVQRWZHOOVLPXODWHGLQWKH&0,3
HQVHPEOHPHDQ1RWZLWKVWDQGLQJ WKH VHPLDQQXDO IHDWXUHV LQ WKH ORFDO6/3DQG&//- LQ WKH
&DULEEHDQDUHUHSURGXFHGE\WKH&0,3PRGHOHQVHPEOHPHDQ)LJVRWKHODWHZHWVHDVRQ
SUHFLSLWDWLRQSHDNFRLQFLGHVZLWKWKH\HDUO\PD[LPXPLQ667VDQGWKH\HDUO\PLQLPXPLQ6/3V
DQGZLQGVSHHGV0DUWLQDQG6FKXPDFKHUVKRZWKDWDOOWKH&0,3PRGHOVVXFFHVVIXOO\
FDSWXUHDQGPDLQWDLQWKHREVHUYHGIHDWXUHVRIWKH&//-EXWVRPHKDYHGLI¿FXOW\LQVLPXODWLQJLWV
VHPLDQQXDOVHDVRQDOF\FOH
35(&,65&0VLPXODWLRQVGULYHQE\WKH+DG$035&0+KHUHDIWHUDQG(&+$05&0(
KHUHDIWHU*&0VVKRZYDULHGSHUIRUPDQFHZKHQFRPSDUHGZLWKREVHUYDWLRQV5&0+PRVWO\
RYHUHVWLPDWHVSUHFLSLWDWLRQ)LJFGUHODWLYHWR&0$3LQERWKUHJLRQVH[FHSWIRUODWLWXGHVEHWZHHQ
&XEDDQG+LVSDQLRODLQWKHZHWVHDVRQZKHUHDV5&0(XQGHUHVWLPDWHVSUHFLSLWDWLRQLQWKHZHW
VHDVRQLQERWKUHJLRQV)LJHI,QJHQHUDODOOWKHVHVLPXODWLRQVVKRZDWHQGHQF\WRZDUGVDGU\
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ELDVLQWKHHDUO\DQGODWHZHWVHDVRQV7KHVSDWLDOSDWWHUQRISUHFLSLWDWLRQELDVHVLQWKH+DG$03
*&0DQG5&0QRW VKRZQVXJJHVW WKDWXQFHUWDLQWLHV LQ WKHGULYLQJPRGHOPD\EH WR VRPH
H[WHQWUHVSRQVLEOHIRUSUHFLSLWDWLRQELDVHVVHHQLQWKH5&01RQHWKHOHVVSUHYLRXVVWXGLHVKDYH
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)LJ6LPXODWHG]RQDOPHDQSUHFLSLWDWLRQIRUWKHWKFHQWXU\IRUWKHZHVWHUQOHIWSDQHOV
DQGHDVWHUQULJKWSDQHOV&DULEEHDQUHJLRQVVKRZQLQ)LJDE&0,3HQVHPEOHPHDQ35&3F
G5&0+35&3HI5&0(35&3JK&0,3HQVHPEOHPHDQ667V
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)LJ3UHFLSLWDWLRQELDVHV LQ VLPXODWHGSUHFLSLWDWLRQ UHODWLYH WR&0$3GDWD DQG LQ667V UHODWLYH WR
+DG,667GDWDIRUWKHZHVWHUQOHIWSDQHOVDQGHDVWHUQULJKWSDQHOV&DULEEHDQUHJLRQVVKRZQLQ)LJ
DE35&3&0,3&0$3FG35&35&0+&0$3HI35&35&0(&0$3JK667
&0,3+DG,667
CMIP3 PRCP Bias (70W−80W)
J F M A M J J A S O N D
[mm]
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−2.75 −2.25 −1.75 −1.25 −0.75 −0.25  0.25  0.75  1.25  1.75  2.25  2.75
CMIP3 PRCP Bias (58W−68W)
−2.75 −2.25 −1.75 −1.25 −0.75 −0.25  0.25  0.75  1.25  1.75  2.25  2.75
RCM−H PRCP Bias (70W−80W)
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RCM−E PRCP Bias (70W−80W)
−3.41 −2.79 −2.17 −1.55 −0.93 −0.31  0.31  0.93  1.55  2.17  2.79  3.41
RCM−E PRCP Bias (58W−68W)
−3.41 −2.79 −2.17 −1.55 −0.93 −0.31  0.31  0.93  1.55  2.17  2.79  3.41
CMIP3 SST Bias (70W−80W)
−1.65 −1.35 −1.05 −0.75 −0.45 −0.15  0.15  0.45  0.75  1.05  1.35  1.65
CMIP3 SST Bias (58W−68W)
−1.65 −1.35 −1.05 −0.75 −0.45 −0.15  0.15  0.45  0.75  1.05  1.35  1.65
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VKRZQWKHLPSRUWDQFHRIDGGHGYDOXHRI35(&,65&0LQWKH&DULEEHDQ&DPSEHOOet al.
DQGLQ&HQWUDO$PHULFD.DUPDONDUet al.2YHUHVWLPDWLRQRISUHFLSLWDWLRQLQWKHODWH
VHDVRQDWKLJKHUODWLWXGHVLQWKHZHVWHUQ&DULEEHDQDQGXQGHUHVWLPDWLRQRISUHFLSLWDWLRQLQWKH
ZHWVHDVRQLQ-DPDLFDDQG+LVSDQLRODKDYHEHHQQRWHGLQ&DPSEHOOet al.DQGFDQEHOLQNHG
WRVLPLODUELDVHVLQWKHGULYLQJPRGHO+DG$037KH5&0+FDSWXUHVWKHELPRGDOQDWXUHRI
WKHSUHFLSLWDWLRQF\FOHLQ&XED+LVSDQLRODDQG-DPDLFDEXWQRWLQWKH%DKDPDV)LJF,QWKH
HDVWHUQ&DULEEHDQZKHUHREVHUYDWLRQVVKRZDVLQJOHSUHFLSLWDWLRQSHDNLQ1RYHPEHU5&0+
VKRZVWZRSHDNVRQHDURXQG-XQH-XO\DQGWKHVHFRQGRQHLQ1RYHPEHU)LJG2YHUDOOWKH
XQGHUHVWLPDWLRQRISUHFLSLWDWLRQLQWKHZHWVHDVRQDQGRYHUHVWLPDWLRQLQWKHGU\VHDVRQGHPRQVWUDWHV
WKHPRGHOV¶GLI¿FXOW\LQFDSWXULQJWKHVHDVRQDOSUHFLSLWDWLRQYDULDELOLW\LQWKHUHJLRQ
5.2 Precipitation projections
0RVW&0,3PRGHOVDQGWKHUHIRUHWKHHQVHPEOHPHGLDQSURMHFWLRQV LQGLFDWHDGHFUHDVHLQ
SUHFLSLWDWLRQLQWKH&DULEEHDQXQGHUWKH65(6$VFHQDULR)LJ7DEOH6)LJXUHIRFXVHV
RQWKHZHWVHDVRQZKHQWKHUHJLRQUHFHLYHVPRVWRILWVSUHFLSLWDWLRQ7KHSURSRUWLRQDOGHFUHDVH
LQSUHFLSLWDWLRQLVKLJKHUGXULQJWKHHDUO\0--WKDQWKHODWH$62ZHWVHDVRQ)LJDE
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)LJ&RPSDULVRQVEHWZHHQREVHUYHGDQGVLPXODWHGVHDVRQF\FOHVRISUHFLSLWDWLRQ6/3DQGZLQG
VSHHGVDYHUDJHGRYHUWKHER[HVVKRZQLQ)LJ/HIWSDQHOVDUHIRUWKHZHVWHUQ&DULEEHDQDQGULJKW
panels for the eastern Caribbean.
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,Q0-- WKH&0,3HQVHPEOHPHGLDQSURMHFWLRQV IRU WKHV UHODWLYH WRPHDQ
LQGLFDWHGU\LQJE\LQWKHZHVWHUQ&DULEEHDQDQGE\LQWKHHDVWHUQ&DULEEHDQ
)LJD,Q$62WKHSURSRUWLRQDOGU\LQJLVLQWKHZHVWHUQ&DULEEHDQDQGLQWKH
HDVWHUQ&DULEEHDQ)LJE2YHUDOOWKHUHJLRQDURXQG+DLWLDQG'RPLQLFDQ5HSXEOLFVKRZV
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[2080−89(SRES A2) − 1970−89], PRCP (%), ASON
)LJ3URMHFWHGFKDQJHLQSUHFLSLWDWLRQE\WKHVXQGHUWKH65(6$VFHQDULREDVHG
RQWKH&0,3PXOWLPRGHOHQVHPEOHIRUWKHIROORZLQJVHDVRQVD0--HDUO\ZHWVHDVRQ
E$621ODWHZHWVHDVRQ3URMHFWHGFKDQJHE\WKHVLVUHODWLYHWRWKHPHDQFOLPDWH
RI)RUHYHU\JULGER[WKHFRORULQGLFDWHVHQVHPEOHPHDQSURMHFWLRQWKHYDOXH
DWWKHFHQWHULQGLFDWHVHQVHPEOHPHGLDQSURMHFWLRQDQGYDOXHVDWWKHERWWRPOHIWDQGWRS
ULJKWFRUQHUVLQGLFDWHHQVHPEOHPLQLPXPDQGPD[LPXPSURMHFWLRQVUHVSHFWLYHO\
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ODUJHVWGHFUHDVHGXULQJERWK0--DQG$62,QFRQWUDVWWKHUHDUHUHODWLYHO\VPDOOFKDQJHVLQWKH
QRUWKHUQ%DKDPDV$OWKRXJKWKHUHLVDJHQHUDODJUHHPHQWEHWZHHQPRGHOVRQWKHVLJQRIFKDQJH
WKHPRGHOSURMHFWLRQVDFURVVWKH&0,3HQVHPEOHUDQJHIURP±WR
/DUJHSURMHFWHGGHFUHDVHVLQSUHFLSLWDWLRQLQWKHHDUO\ZHWVHDVRQVPRRWKRXWWKHELPRGDOLW\
LQWKHZHVWHUQ&DULEEHDQLQWKHHQVHPEOHPHDQSURMHFWLRQV)LJWRSOHIWSDQHOEXWWKHVKDSH
RIWKHVHDVRQDOF\FOHUHPDLQVXQFKDQJHGLQWKHHDVWHUQ&DULEEHDQ)LJWRSULJKWSDQHO7KHGU\
VHDVRQH[SHULHQFHVYHU\OLWWOHSURSRUWLRQDOGHFUHDVHLQSUHFLSLWDWLRQLQWKH&DULEEHDQXQGHUWKH
65(6$VFHQDULRZKLOHWKHUHLVDVPDOOLQFUHDVHLQSUHFLSLWDWLRQLQ1RYHPEHULQWKHQRUWKZHVW
Caribbean in the Bahamas.
%RWK5&0VLPXODWLRQVSURMHFWDGHFUHDVHLQSUHFLSLWDWLRQLQWKHHDUO\DQGODWHGU\VHDVRQ
)LJFIDOVRVHH7DEOH6EXW WKHPDJQLWXGHRIFKDQJHLVYHU\GLIIHUHQWZLWK5&0+
SURMHFWLQJPXFKKLJKHUGHFUHDVHWKDQWKH5&0(3URMHFWHGFKDQJHVLQSUHFLSLWDWLRQWKURXJKRXW
WKH\HDUDUHDOVRYHU\GLIIHUHQWLQWKHWZR5&0VLPXODWLRQV5&0+SURMHFWV\HDUURXQGGHFUHDVH
LQSUHFLSLWDWLRQLQ-DPDLFDDQG+LVSDQLRODZKHUHDVWKH5&0(LQGLFDWHVVPDOOLQFUHDVHVEHWZHHQ
1RYHPEHUDQG-DQXDU\LQWKLVUHJLRQ)LJFH7KH%DKDPDVLVODQGVLQERWK5&0VLPXODWLRQV
DUH SURMHFWHG WR H[SHULHQFHZHWWHU FRQGLWLRQV LQ WKH GU\ VHDVRQ ,Q WKH HDVWHUQ&DULEEHDQ WKH
DJUHHPHQWEHWZHHQWKHWZR5&0SURMHFWLRQVLVSRRU)LJGI).
/RFDO667VLQERWKWKHZHVWHUQDQGHDVWHUQ&DULEEHDQDUHSURMHFWHGE\WKH&0,3HQVHPEOH
WRLQFUHDVHE\DERXW&E\WKHVUHODWLYHWRPHDQXQGHUWKH65(6$VFHQDULR
)LJJK,QJHQHUDOWKH667ZDUPLQJLVKLJKHULQWKHPRQWKVIURP0DUFKWKURXJK-XO\LQWKH
ZHVWHUQ&DULEEHDQZLWKODUJHVWLQFUHDVHLQWKHQRUWKZHVWHUQ&DULEEHDQDURXQGWKH%DKDPDV7KRXJK
ZDUPHU667VPD\VHHPLQFRQJUXRXVZLWKWKHVWURQJSURMHFWHGGU\LQJGXULQJWKLVSHULRG7D\ORU
et al.DUJXHWKDWLWLV667JUDGLHQWVDFURVVWKHWURSLFDORFHDQVWKDWDUHLPSRUWDQW667V
LQWKHWURSLFDO1RUWK$WODQWLFDQGWKH&DULEEHDQ6HDDUHSURMHFWHGWRLQFUHDVHOHVVFRPSDUHGWR
RWKHUWURSLFDOUHJLRQV9HFFKLDQG6RGHQGXHWRWKHLQÀXHQFHRIQRUWKHDVWWUDGHV/HORXS
DQG&OHPHQW7KHUHIRUHWKHZDWHUVVXUURXQGLQJWKH/HVVHU$QWLOOHVZDUPOHVVFRPSDUHG
WRWKH*XOIRI0H[LFRDQGZDWHUVVXUURXQGLQJWKH%DKDPDV)LJK7KHVHYDULDWLRQVKDYHEHHQ
VKRZQWRSOD\DUROHLQZHWVHDVRQGU\LQJSURMHFWHGE\WKHPRGHOV5DXVFKHUet al.:HDOVR
QRWHWKDWWKHSURMHFWHGGHFUHDVHLQHDUO\VXPPHU0D\$XJXVWSUHFLSLWDWLRQKDVEHHQVKRZQWREH
UHODWHGWRORZOHYHOGLYHUJHQFHLQWKH&DULEEHDQDVVRFLDWHGZLWKDQHDUO\LQWUXVLRQRI1$6+LQWKH
UHJLRQ5DXVFKHUet al.DQGVWUHQJWKHQLQJRIORZOHYHOHDVWHUOLHV9HFFKLDQG6RGHQ
&RRNDQG9L]\7D\ORUet al.$SURMHFWHGSUHFLSLWDWLRQGHFUHDVHLQWKHHDUO\ZHWVHDVRQ
FRXOGDOVREHDVVRFLDWHGZLWKWKHVRXWKZDUGGLVSODFHPHQWRIWKH,7&=5DXVFKHUet al.
6. Simulated surface air temperature (SAT)
6.1 Climate model performance
7KH&DULEEHDQEHLQJLQWKHWURSLFDOEHOWH[SHULHQFHVYHU\OLWWOHYDULDWLRQLQWHPSHUDWXUHVGXULQJ
WKHFRXUVHRID\HDU'DLO\WHPSHUDWXUHUDQJHLVVOLJKWO\KLJKHUWKDQWKHDQQXDOUDQJHZKLFKYDULHV
EHWZHHQDQG&IURPVRXWKHUQ&DULEEHDQWR&XED*UDQJHU$FRPSDULVRQRIVLPXODWHG
6$7ZLWKREVHUYDWLRQVVKRZVWKDWWKH&0,3PRGHOVKDYHDFROGELDVIRUDOOWKHVPDOOLVODQGVWKDW
DUHQRWUHVROYHGLQWKHFRDUVHUHVROXWLRQ*&0V7DEOH67KLVLVVREHFDXVHWKH&0,3PRGHOV
UHSUHVHQWWHPSHUDWXUHVRYHUWKHRFHDQWKDWDUHQDWXUDOO\ORZHUWKDQWKRVHVKRZQE\WKHODQGEDVHG
VWDWLRQREVHUYDWLRQV&588'HO)RULVODQGVWKDWDUHSDUWLDOO\UHVROYHGLQWKH&0,3PRGHOV
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CMIP3 PRCP Projections (70W−80W)
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PRCP Projections RCM−H (70W−80W)
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PRCP Projections RCM−E (70W−80W)
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(e) (f)
CMIP3 SST Projections (70W−80W)
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)LJ3URMHFWHG]RQDOPHDQSUHFLSLWDWLRQDQG667VIRUWKHVUHODWLYHWRPHDQXQGHUWKH
65(6$VFHQDULRRYHUWKHZHVWHUQOHIWSDQHOVDQGHDVWHUQULJKWSDQHOV&DULEEHDQUHJLRQVVKRZQ
LQ)LJDE&0,3HQVHPEOHPHDQ35&3FG5&0+35&3HI5&0(35&3DQGJK
&0,3HQVHPEOHPHDQ667V
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VXFKDV-DPDLFD+LVSDQLRODDQG&XEDWKHHQVHPEOHPHDQ6$7VVKRZDZDUPELDV7DEOH6). 
)RUWKHVPDOOLVODQGVWKH5&0VLPXODWLRQVVKRZDZDUPELDVZLWK5&0(FRQVLVWHQWO\VKRZLQJ
DODUJHUELDVLQDOOVHDVRQVFRPSDUHGWR5&0+7DEOH6).
$OOWKHLVODQGVLQWKH&DULEEHDQVKRZVWDWLVWLFDOO\VLJQL¿FDQWLQFUHDVLQJ6$7WUHQGVIURP
H[FHSWIRUVRPHSDUWVRI&XEDZKHUHWKH6$7WUHQGVDUHVOLJKWO\QHJDWLYHQRWVKRZQ7UHQGV
LQREVHUYHGPHDQDQQXDO6$7IRUWKHSHULRGDUHSRVLWLYHEXWQRWVWDWLVWLFDOO\VLJQL¿FDQW
IRUDOOLVODQGV&0,3HQVHPEOHPHDQKRZHYHUVKRZVVWDWLVWLFDOO\LQFUHDVLQJ6$7WUHQGVIRUWKLV
SHULRGZKLFKDUHJHQHUDOO\VPDOOHUWKDQWKHREVHUYHGWUHQGV7DEOH6). RCM simulations also 
VKRZLQFUHDVLQJ6$7WUHQGVEXWWKH\DUHQRWDOZD\VVWDWLVWLFDOO\VLJQL¿FDQW
6.2 SAT projections
6SDWLDOPDSVRISURMHFWHGFKDQJHVLQ6$7EDVHGRQWKH&0,3PXOWLPRGHOHQVHPEOHIRUWKH65(6
$VFHQDULRVKRZKLJKHUZDUPLQJLQWKHQRUWKZHVWHUQ&DULEEHDQDQGUHODWLYHO\ORZHUZDUPLQJ
LQWKHVRXWKHDVWHUQ&DULEEHDQ)LJD1RWHWKDW)LJXUHDVKRZVDUDQJHRISURMHFWLRQVVSDQQHGE\
WKH&0,3HQVHPEOHLQDGGLWLRQWRHQVHPEOHPHDQDQGPHGLDQSURMHFWLRQV0HDQDQQXDOZDUPLQJ
UDQJHVIURP&LQWKHHDVWHUQ&DULEEHDQWRDERXW&RYHU&XEDLQWKHZHVWHUQ&DULEEHDQ
$OWKRXJKWKHPDJQLWXGHVDUHGLIIHUHQWWKLVVSDWLDOSDWWHUQRIZDUPLQJLVFRQVLVWHQWWKURXJKRXWWKH
\HDU:HQRWHDJDLQWKDWWKHVPDOOLVODQGVRIWKH/HVVHU$QWLOOHVDUHQRWUHSUHVHQWHGLQWKH&0,3
PRGHOVDQGWKHUHIRUHSURMHFWLRQVGLVFXVVHGKHUHVLPSO\GHVFULEHZDUPLQJRYHUZDWHU7KHPXOWL
PRGHOVSUHDGLQ6$7SURMHFWLRQVLVDERXW&LQWKHUHJLRQDQGLVLQJHQHUDOKLJKHUIRUODQG
JULGER[HVWKDQWKRVHRYHUZDWHU
,W LVH[SHFWHGWKDWWKH5&0VLPXODWLRQVZLOO LQGLFDWHKLJKHUZDUPLQJRYHUODQGWKDQZDWHU
JLYHQWKHEHWWHUUHSUHVHQWDWLRQRIWKHODQGPDVVDWNPPRGHOUHVROXWLRQ7KHDYDLODEOH5&0
VLPXODWLRQVVKRZDVLPLODUVSDWLDOSDWWHUQRIZDUPLQJDVWKH&0,3PXOWLPRGHOHQVHPEOHEXWZLWK
KLJKHUZDUPLQJRYHUWKHELJJHULVODQGV&XED+LVSDQLRODDQG-DPDLFD)LJEF%HWZHHQWKH
5&0VWKHVLPXODWLRQGULYHQE\(&+$0SURMHFWVKLJKHULQFUHDVHVLQPHDQDQQXDODQGVHDVRQDO
6$7WKDQWKDWGULYHQE\+DG$03)XUWKHUPRUHPHDQDQQXDOZDUPLQJLQGLFDWHGE\WKH5&0(
SURMHFWLRQVLVKLJKHUWKDQDQ\PRGHOVLQWKH&0,3HQVHPEOHIRUDOOWKHLVODQGVLQWKH&DULEEHDQ
LQFOXGHGLQWKLVVWXG\7DEOH65&0+SURMHFWLRQVDUHVLPLODUO\KLJKHUFRPSDUHGWRPHGLDQ
SURMHFWLRQVRIWKH&0,3HQVHPEOHIRUDOOLVODQGVH[FHSW7ULQLGDGDQG7REDJR7XUNVDQG&DLFRV
DQG*UHQDGD7KH5&0SURMHFWLRQVDOVRVKRZWKDWVPDOOHULVODQGVLQWKH/HVVHU$QWLOOHVWKDWDUH
UHVROYHGLQ5&0VLPXODWLRQV'RPLQLFD0DUWLQLTXH6W/XFLDDQG%DUEDGRVVKRZVOLJKWO\PRUH
ZDUPLQJWKDQWKDWRYHUWKHVXUURXQGLQJZDWHUV
)LQDOO\HDUO\ZHWVHDVRQZDUPLQJLQWKH&0,3HQVHPEOHVHHPVWREHFORVHO\UHODWHGWRSURMHFWHG
GU\LQJGXULQJWKHVHPRQWKVVHH7DEOH6ZLWKKLJKHUZDUPLQJDQGPRUHGU\LQJIRUELJLVODQGV
VXFKDV&XEDDQG-DPDLFD7KHUHODWLRQVKLSLVQRWVRHYLGHQWIRURWKHUVHDVRQV(&+$0GULYHQ
35(&,6VLPXODWLRQDOVRSURMHFWVKLJKHUZDUPLQJDQGOHVVGU\LQJXQGHUWKH65(6$VFHQDULR
FRPSDUHGWR&0,3HQVHPEOHDQG5&0+SURMHFWLRQV
7. Summary and discussion
7KLVDUWLFOHHYDOXDWHVWKHDELOLW\RI*&0VDQGDQ5&0WRERWKFDSWXUHPHDQFOLPDWHDQGWKHVHDVRQ
F\FOHVRINH\FOLPDWHYDULDEOHVLQWKH&DULEEHDQDQGWKHQVXPPDUL]HVFOLPDWHFKDQJHLQIRUPDWLRQ
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IRUWKHLVODQGQDWLRQVXVLQJWKHPRGHOGDWDDQGRWKHUVRXUFHV7KH&0,3PRGHOVXQGHUHVWLPDWH
WKHSUHVHQWGD\SUHFLSLWDWLRQRIWKHLVODQGVRIWKH&DULEEHDQ7KLVPLJKWEHDWWULEXWDEOHWRWKHLU
LQDELOLW\WRUHVROYHWKHVPDOOHULVODQGVSDUWLFXODUO\LQWKHHDVWHUQ&DULEEHDQ+RZHYHUVLQFHPDQ\
RIWKH&0,3PRGHOVDOVRIDLOWRFDSWXUHRUVHYHUHO\XQGHUHVWLPDWHWKH¿UVWSHDNLQWKHELPRGDO
SUHFLSLWDWLRQVLJQDODQGWKLVHDUO\VHDVRQPD[LPXPLVSULPDULO\DIHDWXUHRIWKHODUJHULVODQGVRI
WKHZHVWHUQ&DULEEHDQUHJLRQLWVXJJHVWVRWKHUGH¿FLHQFLHV7KRXJKZHGRQRWGLVFXVVLWLQWKLV
SDSHUWKHPRGHOVVHHPWRJHQHUDOO\XQGHUHVWLPDWHORFDO667VDQGLQSDUWLFXODUWKHHDUO\RQVHWRI
WKH$WODQWLFZDUPSRRO:DQJLQWKHZHVWHUQ&DULEEHDQ7KHPRGHOVGRKRZHYHUFDSWXUH
WKHODWHVHDVRQPD[LPXPRI667DVZHOODVWKHDQQXDOF\FOHVRIORFDO6/3DQGWKH&//-²WZR
RWKHULPSRUWDQWGULYHUVRI&DULEEHDQFOLPDWH²DQGVRFRUUHFWO\WLPHWKHRFFXUUHQFHRIWKHODWH
VHDVRQPD[LPXPLQ&DULEEHDQUDLQIDOO2QWKHRWKHUKDQGWKH35(&,65&0VLPXODWLRQVVKRZ
YDULHGSHUIRUPDQFHZLWKRQHPRVWO\RYHUHVWLPDWLQJSUHFLSLWDWLRQDQGWKHRWKHUXQGHUHVWLPDWLQJ
LWLQWKHZHWVHDVRQ7KHXQFHUWDLQWLHVLQWKHGULYLQJPRGHOVDUHVHHPLQJO\UHVSRQVLEOHIRUVRPH
)LJ3URMHFWHGFKDQJH LQPHDQDQQXDOVXUIDFHDLU WHPSHUDWXUH&E\ WKHVXQGHU WKH65(6$
VFHQDULRLQD&0,3PXOWLPRGHOHQVHPEOHE5&0+DQGF5&0(3URMHFWHGFKDQJHE\WKHV
LVUHODWLYHWRWKHPHDQFOLPDWHRI,QDIRUHYHU\JULGER[WKHFRORULQGLFDWHVHQVHPEOHPHDQ
SURMHFWLRQWKHYDOXHDWWKHFHQWHULQGLFDWHVHQVHPEOHPHGLDQSURMHFWLRQDQGYDOXHVDWWKHERWWRPOHIWDQG
WRSULJKWFRUQHUVLQGLFDWHHQVHPEOHPLQLPXPDQGPD[LPXPSURMHFWLRQVUHVSHFWLYHO\
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RIWKHSUHFLSLWDWLRQELDVHV7KH+DGOH\GULYHQ5&0KRZHYHUGRHVFDSWXUHWKHELPRGDOQDWXUHRI
WKHSUHFLSLWDWLRQF\FOHLQWKHZHVWHUQ&DULEEHDQ&XED+LVSDQLRODDQG-DPDLFDZKLFKPDNHVD
FDVHIRUDGGHGYDOXHE\WKH5&0&DPSEHOOet al.<HWHYHQIRUWKH5&0ZLWKLWVEHWWHU
UHVROXWLRQWKHUHLVVRPHGLI¿FXOW\LQFDSWXULQJWKHVHDVRQDOSUHFLSLWDWLRQYDULDELOLW\LQWKHUHJLRQ
:LWKUHVSHFWWRVXUIDFHDLUWHPSHUDWXUHVWKH&0,3PRGHOVGLVSOD\DFROGELDVIRUDOOWKHVPDOO
LVODQGVWKDWDUHQRWUHVROYHGLQWKHFRDUVHUHVROXWLRQEXWDZDUPELDVIRUWKHODUJHULVODQGVWKDWDUH
UHVROYHG7KH5&0VLPXODWLRQVVKRZDZDUPELDVDFURVVWKHHQWLUHUHJLRQHVSHFLDOO\WKHHDVWHUQ
&DULEEHDQLVODQGVZKLFKDUHEHWWHUUHVROYHG
7KHHQGRIFHQWXU\SLFWXUHRI&DULEEHDQFOLPDWHDVGHGXFHGIURPWKH&0,3PRGHOVLVRQH
FKDUDFWHUL]HGE\DGHFUHDVHLQZHWVHDVRQSUHFLSLWDWLRQ7KHGHFUHDVHLVJHQHUDOO\KLJKHUIRUWKH
HDUO\ZHWVHDVRQWKDQWKHODWHZHWVHDVRQDQGIRUWKHZHVWHUQ&DULEEHDQWKDQWKHHDVWHUQ&DULEEHDQ
7KHLQWHQVHHDUO\VHDVRQGU\LQJWHQGVWRVPRRWKRXWWKHELPRGDOLW\RIWKHZHVWHUQ&DULEEHDQEXW
WKHVHDVRQDOF\FOHRIWKHHDVWHUQ&DULEEHDQUHPDLQVXQFKDQJHG7KHGU\VHDVRQLVODUJHO\XQDOWHUHG
H[FHSWIRUDVPDOOLQFUHDVHLQSUHFLSLWDWLRQLQ1RYHPEHULQWKH%DKDPDV7KH5&0VLPXODWLRQV
VLPLODUO\SURMHFWDGU\LQJWKRXJKPRUHLQWHQVHIRUWKHZHWVHDVRQEXWWKHDJUHHPHQWEHWZHHQ
WKHWZR5&0SURMHFWLRQVLVJHQHUDOO\SRRUZLWKUHVSHFWWRZKLFKSRUWLRQHDUO\RUODWHZLOOEH
GULHVW%RWKWKH*&0VDQGWKH5&0SURMHFWKLJKHUZDUPLQJRIVXUIDFHDLUWHPSHUDWXUHVRYHUWKH
QRUWKZHVWHUQ&DULEEHDQDQGUHODWLYHO\ORZHUZDUPLQJLQWKHVRXWKHDVWHUQ&DULEEHDQ7KH5&0V
KRZHYHUKDYHKLJKHUZDUPLQJYDOXHVLQJHQHUDOHVSHFLDOO\RYHUWKHHDVWHUQ&DULEEHDQZKHUHWKH
ODQGPDVVHVDUHEHWWHUUHVROYHG
,QDGGLWLRQWRWKHUHVXOWVDERYHDIHZRWKHUWKLQJVEHDUQRWLQJ)LUVWO\PRVWUHJLRQVLQWKH
&DULEEHDQSUHVHQWDELPRGDOVHDVRQDOF\FOHRISUHFLSLWDWLRQZKLFKUHVXOWVIURPWKHLQWHUDFWLRQ
EHWZHHQWKH1$6+WKH&//-UHJLRQDOZLQGVKHDUORFDOGLYHUJHQFHVXEVLGHQFHDQGWKHXSSHUOHYHO
DWPRVSKHULFG\QDPLFV*DPEOHDQG&XUWLV&DSWXULQJRIWKHF\FOHLVDXVHIXOGHWHUPLQDQW
RIPRGHORUGDWDVHWVXLWDELOLW\IRUXVHLQWKH&DULEEHDQVLQFHLWZRXOGDOVRVXJJHVWWKDWWKHUHJLRQDO
GULYLQJ IRUFHV DUH DOVR EHLQJ UHDVRQDEO\ FDSWXUHG(TXDOO\ LPSRUWDQW WKHQ LV EHLQJ DEOH WR
DFFXUDWHO\FKDUDFWHUL]HWKHELPRGDOLW\)XWXUHZRUNPXVWLQFOXGHDQH[DPLQDWLRQRIGDLO\GDWDERWK
REVHUYHGDQGVLPXODWHGWRGHWHUPLQHIRUH[DPSOHWKHH[DFWWLPLQJRIWKHRQVHWDQGHQGRIWKHZHW
VHDVRQDQGWKHGXUDWLRQRIWKH06'7KLVLQIRUPDWLRQLVDOVRYLWDOIRUZDWHUUHVRXUFHPDQDJHPHQW
DQGDJULFXOWXUDODFWLYLWLHVLQWKHUHJLRQ:HDOVRQRWHWKDWZKHUHDVPDQ\RIWKHSK\VLFDOSURFHVVHV
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